Patients and Methods: The medical, histologic, and operative records were reviewed for 65 consecutive patients operated for a benign brain tumor from 1970 to 1997, and all patients were re-examined after a median length of follow-up of 10.7 years. Thirty-four patients had posterior fossa tumors, 22 patients had cerebral hemisphere tumors, and nine patients had midline tumors.
I
NTRACRANIAL TUMORS are second only to leukemia as the most frequent cancer in childhood. 1, 2 The overall 5-year survival of children who have brain tumors and who are younger than 15 years of age at diagnosis has increased from 35% in the early 1960s to almost 60% in the late 1980s. 3 For some subgroups such as cerebellar astrocytomas, the outcome is even better, with a survival rate that has improved from approximately 40% to more than 90%. 4, 5, 6 These improvements partly reflect a decrease in the peri-and postoperative mortality from almost 30% to less than 5% because of better peri-and postoperative intensive care, better surgical techniques, and the development of computed tomography and magnetic resonance scanning techniques.
2,4-10 The improved survival rates have increased the clinical effect of the late effects to the disease itself and to the treatment. However, the focus has mainly been on the neurological and neuropsychological late effects of chemotherapy and radiotherapy. [11] [12] [13] This has lead to the skewed impression that the majority of patients with benign tumors who have received surgery only will have no or only minor late effects of their disease and treatment.
As part of a large multidisciplinary Danish study on children with brain tumors, the aims of this investigation were to evaluate the extent of neurological late effects in patients who had received surgery only for a brain tumor in childhood and to identify possible risk factors for neurological sequelae such as sex, age at diagnosis, tumor localization, histology, duration of preoperative symptoms, presence of hydrocephalus, extent of tumor resection, operative and postoperative complications, and time period of operation.
PATIENTS AND METHODS
We performed a follow-up investigation of all the surviving persons in the eastern part of Denmark (which includes about half the population in Denmark ϭ 2.5 million) who were diagnosed with a brain tumor between January 1, 1970, and March 1, 1997, before the age of 15 years; had received surgery including a biopsy only; and were more than 1 year from the end of treatment. Patients were excluded if, at the time of follow-up (between September 1998 and September 1999), they had emigrated or had a residence in the Faroe Islands or Greenland (n ϭ 7). The study was approved by the Ethical Committee of Copenhagen and Frederiksberg counties, and all patients who participated gave their written consent (approval no. 01-339/ 96). Of 83 patients who were eligible for the study, 78% (28 males and 37 females) participated. At diagnosis, the median age of the participants was 8.2 years (75% range, 3.3 to 13.2 years), and the median age at follow-up was 19.2 years (75% range, 8.9 to 32.2 years). The median length of follow-up was 10.7 years. There were no significant differences between those who participated in the study and those who declined with respect to age, sex, histologic diagnoses, or localization of the tumors. All tumors were benign. Astrocytomas of World Health Organization grade 1 and 2 were found in 51 patients (78%), craniopharyngiomas were found in three patients (5%), and miscellaneous tumors (eg, hamartoma, meningioma, choroid plexus papilloma, and teratoma) were found in 11 patients (17%). Thirty-four (52%) of the tumors were localized to the posterior fossa, 22 tumors were localized (34%) to the hemispheres, and nine tumors (14%) were supratentorial midline tumors. Fifty of the patients had a complete tumor resection (eight of which occurred by a second craniotomy) as judged during surgery by the surgeon or after a postoperative scan; 12 patients had a partial tumor resection, including five patients who had a second craniotomy, and three patients had a biopsy only. The median duration of symptoms before the diagnosis was 6 months (75% range, 0.5 to 13.7 months). For tumors localized in the hemispheres, the median duration of symptoms was 9.5 months; for the midbrain tumors, median duration of symptoms was 6 months; and for the posterior fossa tumors, median duration of symptoms was 3.5 months. These differences were only borderline significant (supratentorial tumors v infratentorial tumors, P ϭ .06). Eighteen of 28 patients with hydrocephalus had shunts inserted before the tumor surgery. In addition, three patients developed hydrocephalus postoperatively and had shunts inserted. Four of these 21 patients had their shunts removed within 14 days of the operation because of infection, and four had their shunts removed later for other reasons. Thus, 13 patients had shunts at the follow-up investigation.
The medical, histologic, and operative records were reviewed, and the patients were interviewed and had a thorough physical and neurological examination carried out by the same two physicians (S.S. and M.S.). The neurological examination included all 12 cranial nerves, sensibility to touch, agnosia, dysdiadochokinesia, ataxia (finger to nose and heel to knee), Romberg's test, walking on a line, on heels and toes, standing on one leg for balance, strength examinations, and reflexes. The overall neurologic outcome (level of performance) was graded according to the Bloom's scale, 14 to which we added the presence of epilepsy. The classifications of this scale are as follows: score I: no disability, active life; no abnormal neurological signs. Score II: Mild disability, active life; minor deficits not interfering with everyday life, such as ocular paresis, discrete reduced field of vision, or strabismus; limited intension tremor, mild ataxia, or reduced strength of limbs not interfering with walking ability or manual work; or the presence of epilepsy with fewer than three seizures per year. Score III: Partial disability not preventing self-care but including deficits that interfere with normal everyday life, such as severe ataxia (eg, change of hand preference, not being able to drink without spilling, or not being able to ride a bicycle), spastic paresis of an arm or a leg, seriously reduced vision (ie, blindness of one or both eyes or severely reduced field of vision including no central vision of one or both eyes), or epilepsy with more than two seizures per year; the patient may have impaired intellect, but he or she is capable of being taught a trade. Score IV: Severe disability but capable of limited self-care such as self-feeding and dressing, or institutionalized and incapable of self-care.
Statistics
The Mann-Whitney U test, Kruskal-Wallis exact test, 2 test including analysis for trend, Fisher's exact test, and Spearman rank order correlation analyses were applied to compare distribution of parameters between subgroups and correlation between parameters (r S is the correlation coefficient). 15 In all analyses, two-sided P Ͻ 0.05 was regarded as being significant. All statistical analyses were done with the SPSS 11.0 software (SPSS, Inc, Chicago, IL).
RESULTS
The clinical signs and symptoms preoperatively, postoperatively, and at the time of follow-up are given in Tables 1 and 2 . At the time of diagnosis, all patients had symptoms and signs of increased intracranial pressure and/or neurological symptoms directly related to the tumor. Twenty-five patients (38%) developed one or more new neurological deficits postoperatively.
Only 20 patients (31%) had no neurological deficits at the time of follow-up (modified Bloom's score I). Twenty-four patients had only one neurological deficit or symptom including epilepsy (n ϭ 6), visual deficits (n ϭ 6), loss of sensibility (n ϭ 1), or motor deficits (n ϭ 11) (Fig 1) . Finally, 21 patients had two or more deficits and/or symptoms. The supra-and infratentorial tumors did not differ significantly in their distribution of either Bloom's modified score (P ϭ .18) or the unmodified Bloom's score (P ϭ .75) ( Table 3 ). Bloom's modified score at follow-up was significantly related to sex (P ϭ .001, trend analysis) and to the level of consciousness at diagnosis (fully awake v unconscious/somnolent; P Ͻ .001), with the 37 females and the four patients who were unconscious/somnolent on admittance having the poorer outcome. The sex difference in the modified Bloom's score was most pronounced for the 25 patients 10.0 to 14.9 years of age at diagnosis (number of patients with score I/II/III/IV: girls one/five/six/zero v boys seven/five/zero/one, respectively; P ϭ .001). Specifically, among patients with infratentorial tumors, the frequency of Bloom's score III/IV was higher for females than for males (10 of 22 v two of 12, P ϭ .02), whereas no significant difference was found for patients with supratentorial tumors (females seven of 15 v males four of 16, P ϭ .23). 
Abbreviation: Preop; number of patients who were registered to have had the deficits preoperatively. 1348 SØNDERKAER These differences reflected a higher frequency of ataxia and hemiparesis among females. In contrast, duration of symptoms before diagnosis, age at diagnosis, the presence of hydrocephalus at diagnosis, having a shunt inserted, the surgical time period (1970 to 1983 v 1984 to 1997), achieving a total tumor resection, having a second craniotomy, or duration of follow-up were not significantly related to Bloom's score.
Ataxia
Twenty-eight of the 31 patients with ataxia preoperatively had infratentorial tumors; 23 of the 31 patients were still ataxic postoperatively. Three additional patients were found to be ataxic postoperatively, and all were patients with posterior fossa tumors. At follow-up, 22 patients had ataxia, of which 17 were recorded to have ataxia at diagnosis. For two of these 22 patients, the presence of ataxia was not recorded in either their surgical or their preoperative medical records. Thus, the ataxia had disappeared in only 45% of the patients (14 of 31) who had ataxia at diagnosis. The risk of persistent ataxia was not related to the time period of surgery (1970 to 1983 v 1984 to 1997) or to whether a total tumor resection was done. At follow-up, ataxia was more commonly found among females than males (P ϭ .018), in patients with infratentorial tumors (P Ͻ .001), and in those with hydrocephalus at diagnosis (P ϭ .001). The frequency of ataxia was significantly higher among females than males when only patients with infratentorial tumors (16 of 22 v four of 12; P ϭ .03) or patients with hydrocephalus at diagnosis (13 of 18 v three of 10; P ϭ .05) were analyzed. The predominance of females with ataxia was not significantly related to age at diagnosis or to the time of operation. The higher incidence of ataxia at follow-up among females was most significant among children 10.0 to 14.9 years of age at diagnosis; six of 12 females versus only one of 13 males had ataxia (P ϭ .03).
Hemiparesis
Two patients had a hemiparesis preoperatively, and an additional five patients developed hemiparesis postoperatively, of which two had infratentorial tumors. Although most patients had improved, six of seven patients with hemiparesis still had it at follow-up. All the six patients with hemiparesis were females (P ϭ .025), and four were operated on in the time period from 1970 to 1983 (four of 21 v two of 44 operated on between 1984 to 1997; P ϭ .05). The predominance of females with hemiparesis could not be explained by the duration of symptoms before diagnosis, the age at diagnosis, the presence of hydrocephalus at diagnosis, tumor localization, histology, time period of operation, the degree of tumor resection (total v nonradical), or the duration of follow-up.
Cranial Nerve Palsies
The number of patients with cranial nerve palsies at diagnosis, postoperatively, and at follow-up is given in Tables 1 and 2 . The development of new cranial nerve deficits postoperatively was more common in patients with a total tumor resection (P ϭ .03) and among those operated on from 1970 to 1983 versus later (P ϭ .04). Thirteen of the 18 patients (72%) with cranial nerve palsies at follow-up had developed these palsies subsequent to surgery (Table 2) . At diagnosis, postoperatively, and at followup, cranial nerve palsies were more common in patients with supratentorial tumors than in those with infratentorial tumors, but the differences were not significant at any of the time points. The sixth and seventh cranial nerve palsies were most likely to recover completely (Table 2) .
Epilepsy
At diagnosis, 17 patients with supratentorial tumors and one with an infratentorial tumor had seizures, and eight of these still received antiepileptics at follow-up because of persistent epilepsy. Six additional patients, of whom five had supratentorial tumors, developed seizures postoperatively, and three of these 
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LONG-TERM OUTCOME AFTER CHILDHOOD CNS TUMORS still needed antiepileptic medication at the follow-up because of seizures. Nine of 13 patients with a total tumor resection became free of seizures, compared with only one of five patients who had a partial resection, but this difference was not significant (P ϭ .12).
DISCUSSION
Major differences in the incidence of neurological deficits at follow-up of children with brain tumors have been reported.
2,7,9,10,16-23 These differences reflect the variations in tumor histology, degree of malignancy, localization, treatment modalities, type of study (retrospective v cross-sectional), and scoring method used.
This population-based study with a high participation rate (78%) shows that even among patients who have received surgery only for their brain tumors, a large proportion will persist in having significant neurological sequelae, and only 31% will be free of neurological deficits. More specifically, we found that a major part of cranial nerve palsies developed after recovery from surgery, especially sixth and seventh cranial nerve palsies, 20 whereas affection of the optical nerve, ataxia in patients with infratentorial tumors, and hemiparesis tended to persist at follow-up. These overall results coincide well with the results found by others, who by the use of similar scoring systems, found moderate to severe neurological deficits in 21% to 45% of the patients. 7, 8, 10, 20, 22, 24 In this study, 65% of the patients were classified in group I/II at follow-up according to the modified Bloom's score; that is, with no or only minor deficits. In comparison, others have reported no or only minor neurological deficits in up to 86% to 100% of patients, 16, 17, 19, 23 but the inclusion of epilepsy significantly influences the scoring because seizures may be the only neurological symptom in patients who have had supratentorial tumors. 25 If we did not include epilepsy in the Bloom's score, 73% of the entire group and 84% of the patients with supratentorial tumors would be in group I and II. In addition, the fraction of patients with supratentorial tumors will influence the incidence of persistent moderate to severe neurological deficits. Thus, the study by Gilles et al 8 showed a lower percentage of neurological deficits in children with supratentorial tumors than among those with infratentorial tumors. Similarly, other investigations 2, 7, 9, 10, 18, [20] [21] [22] have reported that the frequency of patients with no or minor deficits varies between 55% and 80%, with a tendency toward a higher percentage if the cohorts include supratentorial tumors.
Many of the previous studies of children with brain tumors do not describe in detail the actual pre-and postoperative neurological deficits and those that persist at follow-up (ie, the likelihood for recovery) or attempt to identify factors related to the chance of total recovery. 8, 10, 20, 23, 24 Thus, no previous study has so clearly identified female sex to be a risk factor for hemiparesis and ataxia, especially in infratentorial tumors. Why ataxia and, thereby, worse Bloom's scores are specifically more common in females is not easily explained. Thus, and in contrast to Pencalet et al, 10 we did not find any significant influence of the time period of surgery, duration of symptoms, age at diagnosis, or presence of hydrocephalus on Bloom's score either for the entire group or for the subgroups of supra-and infratentorial tumors. Further research is needed to explore to what extent the inferior outcome, especially in girls older than 10 years at diagnosis, reflects biologic differences or whether the outcome differences are second to differences in rehabilitation and physical activity.
Overall, our frequency of postoperative complications in patients is in the high end of that previously reported for patients with brain tumors, which could be because our investigation covers a time span of 25 years. 20, 26, 27 Accordingly, cranial nerve palsies and hemiparesis were more frequent in the early operative era. Another important parameter explaining a higher complications rate than that previously reported for benign brain tumors could be that this study includes both supra-and infratentorial tumors, because complications are more often seen among supratentorial tumors. 8 Among patients with supratentorial benign tumors and preoperative seizures, our 65% likelihood (95% confidence interval, 42% to 87%) of no (n ϭ 10) or only rare (n ϭ 1) seizures postoperatively is somewhat although not significantly lower than the 75% to 85% likelihood previously reported by others using Engel's surgical seizure outcome classification. 25, [28] [29] [30] [31] Several of these investigators have reported that total tumor resection, age, and early surgery after the start of seizures are important prognostic factors for obtaining a seizure-free outcome.
25, [29] [30] [31] Our data support the hypothesis that total tumor resection is an important prognostic factor for freedom of seizures, although the difference did not reach significance. Brain mapping during surgery, electrocorticoencephalography, and stereotactic surgery (not used in this material) could improve the outcome of children with epilepsy at diagnosis. 32 In conclusion, only one third of patients with benign brain tumors who received surgery only survive with no neurological deficits or symptoms, another third will have a partial recovery of their pre-and postoperative deficits and symptoms, and the last third of the patients will continue to have severe neurological disabilities that demand continuous follow-up and both physical and social support. To allow comparison of different surgical approaches as well as to explore the efficacy of preventive and therapeutic measures, there is a strong need for the development of an international neurological scoring system, which covers all types of brain tumors regardless of localization.
